Context: Both invasive and noninvasive blood pressure (invasive arterial blood pressure [IABP] and noninvasive BP [NIBP]) monitors are used perioperatively; however, they often produce different values. The reason for this discrepancy is not clear, and it is possible that the act of cuff inflation itself might affect the IABP values, especially with the recurrent cycling of NIBP cuff. Aim: The aim of this study was to determine the effect of ipsilateral NIBP cuff inflation on the contralateral IABP values. Settings and Designs: Prospective, observational study. Materials and Methods: One hundred consecutive patients were studied. The NIBP device was set to cycle every 5 min for a total of 6 times. During each cuff inflation cycle, changes in IABP values from the arterial line in the contralateral arm were recorded. A total of 582 measurements were included for data analysis. Statistical Analysis: Chi-square, paired t-test, analysis of variance. Results: Mean (± standard deviation) changes in systolic BP (SBP), diastolic BP, and mean BP with cuff inflation were 6.7 ± 5.9, 2.6 ± 4.0, and 4.0 ± 3.9 mmHg, respectively. We observed an increase of 0-10 mmHg in SBP in majority (73.4%) of cuff inflations. The changes in IABP did not differ between the patients with or without hypertension or with the baseline SBP. Conclusions: This study showed that there is a transient reactive rise in IABP values with NIBP cuff inflation. This is important information in the perioperative and intensive care settings, where both these measurement techniques are routinely used. The exact mechanism for this effect is not known but may be attributed to the pain and discomfort from cuff inflation. This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms. 
IntRoductIon
Noninvasive blood pressure (NIBP) recording by the oscillometric method is a widely accepted standard of care for the perioperative monitoring of a patient's circulatory status. However, invasive arterial BP (IABP) measurement is considered as a standard of monitoring in patients requiring a more intense BP control and monitoring. [1] [2] [3] [4] The two monitoring techniques often produce different values; however, the relationship between these two techniques has been poorly studied. A recent study by Wax et al. illustrated that there was a significant difference between the two monitoring techniques although it did not elucidate the reasons for these discrepancies. [5] The effect of NIBP cuff inflation on the hemodynamics of the body is largely unknown. Previous studies have shown that cuff inflation at the arm for the BP measurement results in a transient rise in BP, [6, 7] which might be due to the muscle activity or muscle compression, or to the overall anxiety of knowing that BP was being recorded. [8, 9] Another potential contributing factor is that the very act of cuff inflation and the potential discomfort arising out of it may cause elevations in the arterial BP. [10] This phenomenon is known as the "alerting" response and has been studied in the outpatient, nonsurgical patient population, but data regarding the same in the perioperative setting are lacking. [11, 12] This information is important in the perioperative and Intensive Care Unit (ICU) setting where both techniques are often employed and the information they produce help guide clinical interventions such as the use of vasopressors, blood transfusions, intravenous fluids, or the use of antihypertensive agents.
This study aims to elucidate the relationship between cuff inflation and the changes in IABP during the perioperative period. The objective of this study is to determine whether NIBP cuff inflation will influence the IABP readings. We hypothesize that there would be an increase in IABP readings with simultaneous NIBP cuff inflation secondary to pain and discomfort with cuff inflation.
MateRIals and Methods
This study is a prospective nonrandomized observational study. After the Institutional Review Board approval and informed patient consent, 100 consecutive adult (>18 years of age) patients who were scheduled to undergo major surgical procedures from June to August 2014, where IABP monitoring was indicated for the perioperative care, were recruited for this study. Our exclusion criteria comprised patients in whom NIBP monitoring in the contralateral arm was contraindicated or not feasible, such as patients with lymphedema, previous mastectomy with axillary lymph node dissection, arteriovenous fistula, burns, skin injury, and those with poor cuff fit (body mass index >40). In addition, patients undergoing emergency surgery or those with significant cardiovascular comorbidities (heart failure, arrhythmias, and valvular heart disease) and the patients requiring inotropic support for hemodynamic instability were also excluded.
This study was conducted in the postanesthetic care unit (PACU), where patients were monitored postoperatively. All patients received general anesthesia for the surgical procedure and received standard postoperative care as per our institutional practice. The study was initiated when the patient was awake, alert (modified observer's alertness for awareness [OAA] scores) >4), comfortable (numeric rating pain score [NRS] <4) and hemodynamically stable, in the supine position.
All patients had IABP monitoring from a radial arterial cannula (20-gauge Introcan Safety ® , B Braun, Melsungen, Germany), which was inserted after induction of anesthesia under strict aseptic conditions. Arterial line transducer was zeroed at the heart level, and the monitor (Cardiocap/5, Datex-Ohmeda Inc., GE Healthcare Technologies, Madison, WI, USA) was set to record the beat-to-beat measurement. Appropriate sized BP cuff was placed on the contralateral arm for the NIBP measurements. Baseline invasive and noninvasive BPs (systolic, diastolic and mean) and heart rate (HR) was recorded. The device was then set to cycle every 5 min for three times and then a rest period of 30 min followed by another set of three measurements. During each cuff inflation cycle, we recorded the changes (highest and lowest) in the arterial BP values (systolic, diastolic, and mean), the HR, NIBP and the duration of cuff inflation. We also collected the general demographic data, modified OAA scores, NRS pain scores before and after each cuff inflation.
Data were analyzed to determine the changes in the IABP (systolic, diastolic, and mean) and HR with cuff inflation by calculating the differences in the values between the baseline (prior to cuff inflation) and at the peak of cuff inflation. In addition, data were analyzed to determine the effect of successive cuff inflation on the changes in IABP and also the relationship between the IABP changes with baseline (invasive) BP and the duration of cuff inflation. Finally, we compared the changes in IABP with cuff inflation between patients who are known hypertensives and nonhypertensives.
Statistical analysis
As this was an observational study with no definite cause-effect relationship, we could not calculate a sample size. We recruited a total of 100 patients in this observational study. Data were collected and analyzed using SPSS statistical software version 16.0 (SPSS for Windows, Chicago, SPSS Inc.). All demographic data from the study were analyzed by frequency test, and the continuous data were analyzed by frequency cross tabulation and Chi-square test. Paired t-test was used to compare the arterial BP changes before cuff inflation and at maximum cuff inflation time. Two-way analysis of variance was used to test the effect of successive cuff inflation. Pearson's correlation analysis was used to test the correlation between duration of cuff inflation and change in IABP. P < 0.05 was considered statistically significant.
Results

Demographics
We recruited 100 patients for the study and data from three patients were excluded due to poor arterial waveforms (two) and hemodynamic instability during the study period (one). With six measurements each in 97 patients, total of 582 measurements were included in the final analysis. The demographic data are shown in Table 1 . Most of our patients were in the fourth (18.6%), fifth (25.8%) or sixth (21.6%) decades of life. The mean age of the patient population was 54 years. In our study population, 48.5% of patients had hypertension, and 10.3% had diabetes. The baseline systolic BP (SBP), diastolic BP (DBP), and mean arterial BP (mean ± standard deviation [SD]) were 131 ± 18 mmHg, 78 ± 10 mmHg and 91.4 ± 13.2 mmHg, respectively. The mean (±SD) duration of BP cuff inflation is 36 ± 10 s. Modified OAA scores were similar across all patients; median (interquartile range): 5 (4-5) and there were no changes in pain scores before and after cuff inflation.
Effect of cuff inflation on invasive blood pressures
Mean changes (mean ± SD) in SBP, DBP and mean arterial BP with cuff inflation were 6.7 ± 5.9, 2.6 ± 4.0 and 4.0 ± 3.9 mmHg, respectively. We observed an increase in SBP of 0-10 mmHg in 73.4%, 11-20 mmHg in 19.2% and >20 mmHg in 1.4% of cuff inflations. In contrast, the increase in the DBP was 0-10 mmHg in the majority (85.7%) of cuff inflations and a small proportion had an increase above 11 mmHg (12.6%). A small percentage of patients also had a decrease in SBP (6%) and DBP (10.7%) with cuff inflation [ Figure 1 ].
During the cuff inflation, there was statistically significant increase in the mean arterial pressure (MAP) (baseline vs. after cuff inflation: 91.40 ± 13.22 vs. 95.43 ± 13.65; mean difference: 4.03 ± 3.95; P = 0.00). Once the cuff was deflated, the MAP almost returned to the preinflation value (baseline vs. after cuff deflation: 91.40 ± 13.22 vs. 91.42 ± 13.86; mean difference: 0.01 ± 6.38; P = 0.941). This suggests that the effect of an increase in IABP to cuff inflation is very transient.
Hypertensives versus nonhypertensives
We analyzed the changes in IABP with cuff inflation in patients with or without hypertension. There was no statistically significant difference between the hypertensive and nonhypertensive patients in terms of mean rise in systolic (hypertensive vs. nonhypertensive group: 7.1 ± 6.4 vs. 6.3 ± 5.3; P = 0.114), diastolic (hypertensive vs. nonhypertensive group: 2.6 ± 4.1 vs. 2.6 ± 3.9; P = 0.979), and MAP (hypertensive vs. nonhypertensive group: 4.1 ± 4.0 vs. 3.9 ± 3.8; P = 0.441). Similarly, percentage of patients who had an increase of 0-10 mmHg in both systolic and diastolic was similar in both groups (hypertensive vs. nonhypertensive: 75.1% vs. 71.7%; P = 0.08 for SBP and 87.2% vs. 84.3%; P = 0.87 for DBP) [ Figure 2 ].
Changes in heart rate and the effect of successive cuff inflation
There were no significant changes in the HR from the baseline with cuff inflations (78.02 ± 17.66 vs. 77.54 ± 16.98, P = 0.73). Similarly, there were no differences in the IABP changes between the successive cuff inflations [ Figure 3 ] and there were no significant correlations between the duration of cuff inflation and the changes in the SBP and DBP (r = 0.12 and r = 0.09, respectively).
Baseline systolic blood pressure and changes in invasive arterial blood pressure with cuff inflation
Response to cuff inflation was independent of the level of baseline SBP. The majority (73.5%) of cuff inflations resulted in an increase in SBP of less than 10 mmHg and these changes were similar across the groups with different baseline BP [ Table 2 ]. Similarly, there was no statistical difference between high baseline SBP (>160 mmHg) and increase in SBP (P = 0.138).
dIscussIon
To the best of our knowledge, with the review of literature, we did not find any studies investigating the effects of NIBP cuff inflation on the IABP recordings in the perioperative setting, but only in the clinical or ICU setting. [6] [7] [8] [9] [10] [11] [12] [13] The importance of this study lies in the fact that both these techniques are often employed concurrently. NIBP measurement techniques utilize an oscillometric method, which calculates BP by measuring the amplitude of a series of oscillometric pulses during the cuff pressure inflation and deflation from above the SBP to DBP. [14] Although there are many factors such as NIBP cuff size, position of the cuff, quality of arterial waveform, degree of atherosclerosis, and site of measurement (central vs. peripheral) causing discrepancy between the two measurements, [15] [16] [17] [18] the act of cuff inflation itself might affect the IABP values, especially with recurrent cycling of NIBP cuff.
The precise effect of NIBP cuff inflation on the physiology of hemodynamics is mostly unknown. Previous studies to evaluate the effect of NIBP cuff inflation were mainly done in the outpatient or office settings. Veerman et al. reported a prompt increase in SBP of about 13 and 12 mmHg in hypertensive and normotensive participants, respectively, with cuff inflation, using a noninvasive Finapress device applied to the contralateral middle finger to measure the effect of cuff inflation. [6] Other studies have also reported a similar reactive rise in BP with cuff inflation, [6, 7] and have attributed this to the muscle activity or muscle compression as well as to the overall anxiety of knowing that BP was being recorded. [8, 9] Another potential contributing factor is that the very act of cuff inflation and the potential discomfort arising from it may cause elevations in the IABP. [10, 19] In this study, we examined the effect of NIBP cuff inflation on the hemodynamics in the perioperative setting using an IABP measurement technique. We showed that the majority of NIBP cuff inflations (73.5%) resulted in an increase in SBP of 0-10 mmHg. We believe that the reactive rise is due to the pain and discomfort due to cuff inflation. However, there were no changes in HR with cuff inflation. This is consistent with a previous study by Skov-Madsen et al. in 56 patients in outpatient set up. [12] They reported that the discomfort caused secondary to cuff inflation during 24-h ambulatory BP monitoring did not increase the HR.
During NIBP measurement, both cuff inflation time and the maximum inflating pressure are dependent on the patient's baseline BP. Patients with hypertension may also have an exaggerated response to stress, probably due to an increased sensitivity of their sympathetic nervous system. Hence, the reactive rise in BP arising from the cuff inflation may be greater in patients with hypertension. [9, 20] Charmoy et al. found that there was a significant rise in SBP with cuff inflation in hypertensive patients (P < 0.05). [21] However, they also found that there was no correlation between the baseline BP and the reactive rise in BP in both the groups. In contrast, we did not find significant differences in the reactive rise in SBP, DBP or mean arterial BP with cuff inflation between the hypertensive and nonhypertensive patients. In addition, there was no association between duration of cuff inflation and the reactive change in the BP.
Successive cuff inflations can lead to adaptation, causing the first BP values to be higher than the subsequent readings due to diminished pressor response. [11] However, in our study, there were no significant changes in the BP with successive cuff inflations.
Limitations
Our study does have limitations. First, the study was conducted in the PACU immediately after the surgery. Hence, many factors including the surgical stress response, fluid shifts and the postoperative pain management, all could have influenced the reactive changes in the BP. However, we made sure that the patients were in near normal physiological state with least discomfort before the measurements were taken. Second, our study showed that the increase in BP with NIBP cuff inflation is of small magnitude and short duration and would thus likely be of little clinical significance. Nevertheless, this is important information in the perioperative setting where both NIBP and IABP are used simultaneously, especially when tight BP control is indicated. In summary, our study showed that NIBP cuff inflation causes a transient reactive rise in IABP. However, these changes were <10 mmHg in the majority of cuff inflations and were independent of the baseline BP. The exact mechanism for this effect is not known but may be attributed to cuff inflation and the resulting pain and discomfort.
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